Manila clams, Venerupis philippinarum (Adams and Reeve, 1850), were experimentally challenged with two Vibrio tapetis strains: CECT4600T, the causative agent of Brown Ring Disease (BRD); and LP2 supposedly non-pathogenic in V. philippinarum. Changes in phenoloxidase (PO) and superoxide dismutase (SOD), two major enzymes involved in immunity, were studied in two tissues, the mantle and hemolymph for 30 days after infection in the extrapallial cavity. Bacterial infection in V. philippinarum resulted in modulation of PO and SOD activities that was both tissue-and time-dependent. A response at early times was detected in the mantle and was associated with significant increases in PO and SOD activities in LP2-and CECT4600T-challenged clams 36h post injection. This first response in the mantle could be explained by the proximity to the injection region (extrapallial cavity). In the hemolymph the response occurred at later times and was associated with an increase in PO activity and a decrease in SOD activity. As hemolymph is a circulating fluid, this response delay could be due to an "integration time" needed by the organism to counteract the infection. Injections also impacted PO and SOD activities in both tissues and confirmed a difference in pathogenicity between the two V. tapetis strains.
Introduction
The Manila clam, Venerupis philippinarum (Adams and Reeve, 1850) was introduced to France from the USA in 1972 for aquaculture purposes, because its growth is faster than that M A N U S C R I P T
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of the European clam Venerupis decussata (Linnaeus, 1758) [1] . Since 1987, the species has 34 been affected by brown ring disease (BRD) caused by the pathogenic gram-negative 35 bacterium Vibrio tapetis [2] . BRD is diagnosed by the formation of a brown deposit of 36 conchiolin at the edge of the mantle on the inner shell of the clam [3] . During the 37 development of the disease, the bacterium first colonizes the periostracal lamina, and then in 38 some conditions (lesions, starvation) tissues and finally moves into the circulatory system, 39 leading to a systemic infection and the organism's death; the effects of BRD on Manila clams 40 have been reviewed by Paillard [4] . BRD Japan [11] . Pathogenicity of the majority of these strains has been evaluated, and V. tapetis 46
CECT4600
T was shown to be the most pathogenic strain to V. philippinarum [12, 13] . To 47 prevent mortalities caused by BRD it is necessary to understand both the mechanisms by 48 which the pathogenic bacteria act and equally how the host immune system functions. Many 49 studies have been conducted on clam immune responses during bacterial infection, and it has 50 been shown that the occurrence of V. tapetis in the hemolymph leads to a decrease in size and 51 complexity of granulocytes [14] and to a loss of hemocyte adhesion capacities because, these 52 cells become rounded and lose their pseudopodia [12] . More recently it was demonstrated that 53 V. tapetis occurrence in hemolymph significantly increases nitric oxide production in a dose-54 dependent manner [15] . Most of the studies on V. philippinarum immune response to V. 55 tapetis infection have focused on cellular immunity, in particular hemocytes [7, [16] [17] [18] [19] . 56
However, invertebrate immunity can be divided into cellular and humoral immune response 57
[20]. Hence, host immunity, and its potential defense capability against pathogen agents, 58 could also be investigated through the nature and activity of endogenous enzymes [21] . 59 Phenoloxidase (PO), which is one of these humoral immune enzymes, is often monitored 60 because of its key role in invertebrate immune systems and especially in the activation of the 61 melanization cascade [22] . In fact POs (E.C. 1.14.18.1, E.C. 
231
Results of statistical analyses are summarized in Tables 1, 2 and 3.  232 Protein contents varied as a function of injection × tissue × time interaction. In the mantle, a 233 significant time and injection interaction affected protein contents as it increased in 234 CECT4600 T -and LP2-challenged clams 36 hours p.i ( Fig.2A) . In hemolymph, there was no 235 significant time and injection interaction but protein contents were higher in LP2-challenged 236 and control clams 30 days p.i. (Fig.2B) . In extrapallial fluids, there was no significant 237 PO is influenced by a significant time and injection interaction. 36 hours p.i. PO activity 240 increased in CECT4600
T -and LP2-challenged clams. Additionally, three days p.i., PO 241 activity was higher in LP2-challenged clams than in CECT4600 T -challenged and control 242 clams (Fig.3.A) . In hemolymph, PO activities are lower in CECT4600 SOD activity increased in CECT4600
T and LP2-challenged clams 36 hours p.i. and in 252 contrary, drops in the same clams 7 days p.i. (Fig.4A ) (significant time and injection 253 interaction). In hemolymph, no significant effect was observed but a rise in SOD activity 254 occurred in CECT4600 T -challenged clams 7 days p.i. (Fig.4A) . 255 256 257 258 259 Independent variables were injection condition (SSW, CECT4600 T and LP2) and time p.i. (0h, 36h, 72h, 7d, 14d and 30d). Significant differences are indicated by ***: p < 0.001; **: 0.001<p<0.01; *:0.01<p<0.05; and no significant difference: N.S. (ANOVA, α=0.05). Table 3 : Summary of the split plot two-way ANOVAs on the effect of injection condition and time p.i. on protein contents, PO and SOD activity in the hemolymph of V. philippinarum Table 2 : Summary of the split plot two-way ANOVAs on the effect of injection condition and time p.i. on protein contents, PO and SOD activity in the mantle of V. philippinarum Table 1 : Summary of the split-split plot three-way ANOVAs on the effect of injection condition, tissue sampled and time p.i. on protein contents, PO and SOD activity in the hemolymph of V. philippinarum M A N U S C R I P T
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Error (tank × injection × time) 30
Independent variables were injection condition (SSW, CECT4600 T and LP2) and time p.i. (0h, 36h, 72h, 7d, 14d and 30d). Significant differences are indicated by ***: p < 0.001; **: 0.001<p<0.01; *:0.01<p<0.05; and no significant difference: N.S. (ANOVA, α=0.05). clams were removed from their tank 12 hours prior to treatment and injection done through 287 the periostracal lamina causing a little hole within it. This way, injections allowed in 288 particular, entrance of pallial water and so dilution of the extrapallial compartment content 289 and thus induced a stress response in addition to the injected liquid itself. In our study, control 290 animals, also stressed by the injection itself, must be regarded as control with respect to a 291 biotic stress which is the injection of bacteria. However, the shifts observed in these control 292 animals should be kept in mind when considering the results for bacteria-injected animals. 293
4-Discussion
Finally, another factor contributing to the inconsistency of the overall response of protein 294 concentrations and enzymatic activities in this study was the inter-individual variability, 295 particularly observed in fluids. Notwithstanding these inconsistencies during the experiment, 296 when all factors considered, significant interactions are highlighted and are consistent with 297 previous studies. 298 M A N U S C R I P T
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4-2-Tissue-dependent response of enzymatic activities
299
A main result of this study is the differential PO and SOD changes between tissues. Activities 300 of these enzymes are tissue-dependent over all tested conditions (without infection and with 301 infection by two different strains). PO activity was higher in the mantle than in the serum, and 302 correlations between specific activities and protein contents were more marked for the mantle. 303
Differences in pattern between PO activities in various tissues are also known in the pacific 304 oyster, Crassostrea gigas [42] . 305
In our study, correlations between SOD specific activities and protein contents in the mantle 306 and in hemolymph serum suggest two different profiles of SOD-like activity in these tissues. 
